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CHAPTER 1 
INTRODUCTION 
1.1 General 
Industrialized Building System (IBS) has been promoted diligently by CIDB 
in Malaysia since Year 2000 (Sumadi et al., 2001; Mohamed, 2003).  Besides reduced 
dependency on foreign labour, the simplified construction solutions offer better 
control of quality, increase productivity, reduce construction time, less wastage and 
cleaner environment.  Through industrialization of construction, huge amount of work 
has been shifted to the factory and leaving the construction sites tidier and safer.  In 
support of the ongoing process of implementation of IBS in the construction industry, 
the research and development have been identified to focus in the area of open-
building, lightweight materials, joints and services.  The application of cold-formed 
steel in light steel framing design can be one of the popular choices of IBS in small to 
medium size building construction.  
 
Light steel framing design is generally based on the use of standard C or Z 
shaped steel sections produced by cold rolling from strip steel coil as shown in Figure 
1.1 and Figure 1.2.  Cold-formed sections are generically different from hot rolled 
steel sections, such as Universal Beams, which are used in fabricated steelwork.  The 
steel used in cold-formed sections is relatively thin, typically 0.5 to 2.5 mm, and is 
galvanized for corrosion protection.  The steel strength is higher than of hot-rolled 
steel, where the typical design strength is 350 N/mm2, 450 N/mm2 and even 550 
N/mm2 (Hancock, 1998).  Besides traditional application as purlin or roof truss, cold-
formed steel sections can be widely used in many sectors of construction, including 
industrial buildings, commercial buildings and hotels. It is gaining greater acceptance 
 
 
in the residential sector in United Kingdom and Australia (Davies, 2000; Lawson et 
al., 2002).  Modular construction of light steel framing for single-storey houses as 
shown in Figure 1.3 is one of the examples of IBS implementation. 
 
  
 
 
  
   
Figure 1.1: Cold-rolling process of strip steel coil to form cold-formed steel channel 
section 
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Figure 1.2: Common shapes for cold-formed channel sections 
 
 
 
Figure 1.3: Cold-formed light steel framing for residential house (adopted from 
Lawson et al., 2002) 
 
 
Most structures, especially the conventional steel buildings are still using the 
methods of simple design (simple construction) and rigid design (continuous 
construction).  Simple design results in a more conservative approach but utilising 
heavier sections whereas the continuous design requires more rigorous, non-
economical connection to ensure enough moment resistance.  An alternative method 
of design known as semi-continuous construction, usually associated with partial 
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strength connection, is more suitable which can be chosen to produce the most 
economic balance between the primary benefits associated with the two conventional 
designs.  Moreover, the introduction of partial-strength connections in this semi-rigid 
design slightly increase the complexity compared to the simple design but yet able to 
produce significant reduction in beam depths and weight. 
 
This research studies on the behaviour of pin and partial strength joints for 
cold-formed steel beam-to-column connection.  The beam and column member are 
formed by using two lipped channel sections, clenched back-to-back, into an I-section 
as shown in Figure 1.2(b).  The joint configuration aims to utilise the use of bolts, 
angle brackets and gusset plates to connect the beam to column, without the needs for 
welding work.  A comprehensive analytical study on the design procedures for such 
joint configurations will be made, to understand the reaction behaviour of the 
connections.   Since the use of partial strength joints for light steel framing has not 
been established yet, in depth experimental investigations on the isolated connection 
and sub-assemblage frames have to be conducted.  The aspects of strength, stiffness, 
ductility and overall frame behaviour are compared between theoretical and 
experimental approaches to validate the standardized connection design procedures. 
1.2 Background and Rational 
Connections and frame responses in semi-continuous construction have 
received much attention of which researchers are aiming to improve the economical, 
practical and behavioural aspects.  The Steel Construction Institute (SCI) and the 
British Constructional Steelwork Association (BCSA) have jointly developed a 
comprehensive guidance (SCI & BCSA, 1995) to design semi-rigid moment 
connections for steel construction.  Bose and Hughes (1995) verified the performance 
of standard connections for semi-continuous steel frames with a series of 
experimental tests on flush end-plate and extended end-plate connections.  The joint 
method was applied into design guides, where Couchman (1997) wrote the design of 
semi-continuous braced frames, Salter et al. (1999) presented wind-moment design 
for low rise frames, and Hensman and Way (2000) published a design guide to 
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composite connection design for unbraced frames. The development of standardized 
flush end-plate and extended end-plates connections were later extended in Malaysia 
by Sulaiman (2007) and Saggaff (2007), into partial strength joints and composite 
joints for locally produced Trapezoidal Web Profiled (TWP) steel girder. 
 
End-plate connections require both bolting and welding in their fabrication 
works.  Mottram and Zheng (1999a and 1999b), Pucinotti (2001, 2006) and Danesh et 
al. (2007) studied semi-rigid moment joints using top-seat flange-cleat and double 
angle web-cleats.  The joint configurations formed fully bolted beam-to-column 
connection, without the need of welding work.  The flange-cleat and web-cleat were 
made from angle sections.  Pucinotti confirmed such connection configuration were 
able to develop desired rotational stiffness. The moment resistance of the connection 
was higher than the design strength as predicted by Eurocode 3. 
 
The use of cold-formed steel sections in building construction began in the 
1850s, in both the United States and Great Britain (Yu, 2000).  However, such 
construction methods were not widely used until 1940.  Builders noticed that the 
design specifications for cold-formed steel construction cannot be covered completely 
by the design features of heavy hot-rolled steel.  The development of thin walled cold-
formed steel construction in United States is therefore accelerated by American Iron 
and Steel Institute (AISI), who sponsored research projects at Cornell University. 
They came out with the first design specification in Year 1942 (Hancock et al., 2001).  
The investigations resulted in new development of design, concerning the effective 
width for stiffened compression elements, reduced working stresses for un-stiffened 
elements, web crippling et cetera.  Since then researches on light-steel construction 
using cold-formed members were carried out in various countries.  Developments in 
cold-formed steel technology trend to manufacture high strength steel, more complex 
section shapes, better corrosion resistance and improved rolling and forming 
technology (Davies, 2000).  The cold-formed steel researches in Year 1999 to 2001 
can be categorized into eleven major areas (Hancock, 2003), such as compression 
members with distortional and element buckling, corrugated and curved panels, 
connections and fasteners, and mechanical properties of cold-formed steel. 
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Researches on connections and fasteners for cold-formed steel developed from 
1997 to 2005 mainly fall in two categories. One focus on the pin connection that able 
to produce faster, lighter and economical joints.  Self-tapping screws, clinching and 
riveting are among the developed methods of typical connection used.  Makelainen 
and Kesti (1999) and Kaitila et al. (2001) describe a new type of joint called ‘Rosette’, 
which is particularly useful for connections in roof truss.  The second category of 
research studies on the moment connections applied in storage racks, latticed beam 
and portal frames.  Markazi et al. (1997) studied on the semi-rigid behaviour of 
boltless connection for cold-formed steel storage racks.  Dubina and Zaharia (1997) 
and Dubina (2008) investigated the bolted joints for cold-formed steel truss, latticed 
beam and portal frames.  Wilkinson (1999), Wilkinson and Hancock (2000) carried 
out tests on welded joints for portal frame apex and eaves, while Lim and Nethercot 
(2003, 2004, 2005) developed bolted joints for cold-formed steel portal frames.  For 
beam-to-column connection, Chung and team (Chung & Lau, 1999; Wong & Chung 
2002; Chung et al., 2005) reported experimental and analytical testing on bolted 
moment connection for cold-formed double channel sections, utilising slip-in gusset 
plates. 
 
At present as to the author knowledge, there is no study to extend the 
application of partial strength connections as in hot-rolled steel research, into light 
steel framing using cold-formed steel section.  The use of web-cleat for pin 
connection design in cold-formed steel structures has been carried out by Chung and 
Lawson (2000), but the top-seat flange-cleats and combined flange-web-cleats for 
cold-formed steel beam-to-column connection have not been studied.  The British 
Standard BS5950 Part 5 (BSI, 1998) and Eurocode BS EN 1993 Part 1.3 (BSI, 2006) 
give the permission to design cold-formed steel frame as semi-continuous 
construction, where the moment and rotation capacity of joint should be based on 
experimental evidence.  The detailed design method and requirements, especially for 
partial strength connections in cold-formed steel construction has not been concluded.  
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1.3 Problem Statements 
In Malaysia, the structural use of cold-formed steel section were limited to the 
roof truss and purlin structures. The thickness of the most available cold-formed steel 
sections are less than 1.2 mm.   The use of thicker cold-formed steel sections, ranging 
from 1.2 mm to 2.5 mm, and the application of cold-formed steel section as beam and 
column structural members are yet to be studied.   
 
In common practice, the cold-formed steel section were formed into truss 
system e.g. roof truss, lattice beam or wall panel in modular construction.  The 
vertical and horizontal steel members were braced with unsupported length less than 2 
m, to form robust truss and panel system.  The behaviour of cold-formed beam section 
for longer clear span (say 4 meters) has to be further studied. 
 
To date, partial strength connections in steelwork design were focused on 
application for hot-rolled steel section, no noticeable researches have been carried out 
for cold-formed steel framing.  Current researches on connection for cold-formed 
steel were mostly study on pin joints and some in rigid moment connections.  The 
design method for partial strength connections in cold-formed steel section has not 
been concluded.  There is a need to carry out an in depth study for the performance of 
partial strength connection to cold-formed steel structures. 
1.4 Objectives of Research 
In order to answer the above problem statements, the objectives of research 
are summarized as follow: 
 
1. To develop the design procedures of bolted beam-to-column connections for 
cold-formed steel double channel sections, based on the validated procedures 
applied to hot-rolled steel sections. 
2. To study the behaviour of the developed beam-to-column connections in their 
strength and stiffness performance. 
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3. To validate the performance of the proposed connection configurations by 
comparing the analytical calculation to experimental results. 
1.5 Scope of Work 
The scope in this research covers on the behaviour of pin and partial strength 
connections in cold-formed lipped Double Channel (DC) section with thickness of 2 
mm.  Brackets, angle and gusset plate connections were chosen to ensure that the 
connections studied in this research fell under the partial strength category and so 
suitable to be used in the semi-continuous construction.  All connections were formed 
using bolts, where no welding work is required. 
 
Analytical investigations were carried to understand the section properties and 
member capacities of the cold-formed DC sections.  Detailed studies on the 
connection design were made in a step by step calculation, to obtain the resistance 
capacities of each component of the joint configuration.  Comparisons were made 
between the increment of beam depth, increment of cleat thickness and changes of 
different types of connection configuration.  Substantial time was allocated in 
conducting the experimental investigations so that the actual behaviour and 
characteristics of the proposed connections could be acquired. Beam-to-column 
connection set up as cantilever to obtain the moment resistance of joints, and beam 
with connections at both ends and with the span of 4 m, set up as sub-assemblage 
frames to study the effects of proposed joint types to the light steel frames.  
Comparisons between the experimental and analytical investigations lead to a 
conclusive design of the proposed connections. 
 
The details of the works involved were divided into several tasks of which, 
subsequently, were organised into relevant chapters as described in the Section 1.7 
below. 
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1.6 Significant of Study 
Partial strength connection would provide economical design by reducing steel 
weight and increasing the structure robustness, compared to conventional pin 
connection (Bose & Hughes, 1995; Sulaiman, 2007).  Therefore, a study on the 
subject is necessary in order to obtain a new understanding on the behaviour of pin 
and partial strength semi-rigid moment connections in light steel framing built up by 
using cold-formed steel sections.  The study can provide further justification, 
modification or even addition to the design guides in the current code of practices. 
 
 This research pioneers the study on partial strength joints for semi-continuous 
construction in cold-formed steel structures.  It expands the validated result of 
researches on hot-rolled steel beam-to-column partial strength joints done 
internationally or locally in Malaysia, as well as satisfying design requirements as 
coded in British Standard BS5950 and Eurocode EC3 into the design of light steel 
framing. 
1.7 Structures of Thesis  
The general information of the research subject including basic information 
about the study to be conducted, objectives and scope of work are mentioned in 
Chapter 1.  Chapter 2 consists of detailed background of the research, design 
standards and works that have been carried out by other researchers.  It discusses on 
the background information about the investigations to the behaviour of semi-rigid 
connections, previous work on cold-formed steel connections and design standard 
requirements. Previous testing arrangements and connection configurations are also 
reviewed so as to device a standard and rational arrangement for the reliability and 
accuracy of the data.  It is followed by the discussion of analytical works involved in 
generating design formula and calculations for partial strength connections utilizing 
cold-formed steel channel sections in Chapter 3.   The next task, which is the most 
important task in the study, contains the detail descriptions of the experimental 
investigations carried out, covered in Chapter 4 for full-scale isolated joint tests and 
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Chapter 5 for full-scale sub-assemblage frame tests.  Full-scale isolated joint refer to 
individual connections which were tested to determine the moment capacities, 
stiffness and ductility of the designed joint.  The preparation of test specimen, data 
acquisition tools and test procedures were discussed in detail.  Results acquired from 
the isolated tests were used to predict the moment resistance of the connections.  In 
Chapter 5, the actual responses of pin and partial strength behaviour of connections 
over a long beam span is observed and details of calculations to predict the moment 
resistance of the beam are addressed.  Checking procedures employed are in 
accordance with the British Standard and Eurocode 3.  Finally the research works is 
summarized and concluded in Chapter 6, together with the recommendation for future 
works.  
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